Quantitative analysis of signaling mechanisms controlling adult neural progenitor cell proliferation.
Tools of systems engineering and signal dynamics were employed to develop a quantitative model of the intracellular signaling systems involved in adult neural stem cell proliferation, based on pathways elucidated in our experimental systems. Neural progenitors isolated from the adult rat hippocampus are dependent on the basic fibroblast growth factor (FGF-2) and extracellular matrix (ECM) proteins. However, the intracellular effects of these stimuli were previously undetermined. We employed chemical inhibitors of known signal transduction molecules to identify important players in the FGF-2/ECM signal cascade, such as the cyclic AMP responsive element binding protein (CREB), protein kinase B/Akt, and several related molecules. Genetic mutants of these proteins were used to confirm their role in adult neural progenitor proliferation. Proliferation was assayed using the incorporation of a thymidine analog to determine cell doubling rate under various stimuli. Such assays have also uncovered novel synergistic signaling between FGF-2 and ECM components. This research is, to our knowledge, the first to elucidate intracellular signaling pathways for adult neural stem cell proliferation. Upon determination of the pertinent intracellular signaling pathways, quantitative immunoblots were employed to examine the dynamics of these systems. These data, as well as enzyme kinetics information from the literature, are being used to parameterize a dynamic mathematical model of progenitor proliferation events induced by FGF-2. This computational model will be used to predict the biochemical and mechanical signaling inputs necessary to achieve a desired proliferative output from the cells, based on specific extracellular stimuli. It is our hope that this essential quantitative understanding will facilitate the use of adult neural stem cells in medical applications.